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BRAIN, SPINAL AND NERVE INJURY
TREATMENT

PRIORITY TO RELATED APPLICATIONS

This application is a continuation of U.S. application Ser.
No. 11/017,978, filed Dec. 21, 2004, now pending; which is a
division of Ser. No. 10/181,323, filed Oct. 15, 2002, now U .S.
Pat. No. 6,841,551, issued Jan. 11, 2005, which is a §371 of
PCT/AU01/00046, filed Jan. 18, 2001. The entire contents of
the above-identified applications are hereby incorporated by
reference.

FIELD OF THE INVENTION

This invention relates to a method to a method of therapy of
brain, spinal and nerve injury. There is also provided a for-
mulation which is particularly useful in the method.

Injury to the brain results in the development of motor and
cognitive deficits that contribute to the significant morbidity
experienced by survivors of brain injury. Moreover, it is an
occurrence that has the highest incidence in younger mem-
bers of society. Accordingly, injury to the brain is responsible
for the greatest loss of productive life as compare to any other
disease proves. Despite this, there is no effective therapy to
improve outcome after brain injury. We disclose the use of a
method of therapy as a robust pharmacologic intervention for
the treatment of brain injury. Use of this therapy significantly
improves both motor and cognitive outcome in mild to severe
experimental brain injury and has also been found to have
beneficial effect also for the treatment of spinal cord and
nerve injuries.

BACKGROUND OF THE INVENTION

Itis well known that brain injury results in the development
of neurologic deficits through two mechanisms. The first of
these is known as primary mechanisms. These occur at the
time of the injurious even and include mechanical processes
such as laceration, tearing, stretching and compression of
verve fibers. Little can be done for this type of injury once it
has occurred. The second mechanism is secondary injury,
which includes biochemical and physiological processes, ini-
tiated by a primary injury but which manifest with time after
the injury. It has been demonstrated that much of the morbid-
ity after brain injury is associated with the development of
this secondary injury. Give that the secondary injury develops
from minutes to days after the primary event, there exists a
window of opportunity to pharmacologically prevent this
type of injury and significantly improve resultant outcome.
However, the factors that make up secondary injury must first
be identified and then “antifactors™ developed to inhibit the
injury process.

Our studies have concentrated on identifying secondary
injury factors after brain injury and developing interventional
therapies. One of the factors, that we have previously identi-
fied' ™ as critical to determining outcome after injury, is brain
magnesium ion concentration. This ion is a regulatory factor
in a number of biochemical and physiological processes that
are activated after brain injury. Indeed, a decrease in the
magnesium ion concentration was observed to exacerbate the
injury process while an increase in the concentration of mag-
nesium ion was noted to attenuate the injury process and
result in an improved outcome.’ The treatment of brain injury
with magnesium has since been shown to be effective.!> ©
even when administered up to 24 hours after the primary
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event, and the success of the treatment in experimental animal
studies has subsequently led to clinical trials in human brain
injury.

Despite the attenuation of deficits after brain injury with
magnesium administration, it was clear that there were still
motor and cognitive deficits that persisted after the treatment.
Our attention was particularly drawn to the fact that in
younger animals, the accumulation of water in the brain (i.e.
cerebral oedema or brain swelling) was still present and that
this may present a significant risk factor. Indeed, in a recent
clinical study,'! delayed brain swelling was responsible for
50% of all deaths recorded in young victims of brain injury.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1 and 2 show combination administration of 246
mg/kg N-acetyl-L-tryptophan plus 30 mg/kg magnesium sul-
phate (intravenously) resulting in a profound attenuation of
both motor and cognitive deficits that was significantly
greater than obtained with either drug in isolation.

DESCRIPTION OF THE INVENTION

Ittherefore is an object of the invention to provide a method
of'therapy in relation to brain injury and a formulation for use
in the method.

The formulation in one aspect of the invention comprises a
substance P receptor antagonists and a magnesium com-
pound, wherein the combined use of the magnesium com-
pound and the substance P receptor antagonist results in
greater protection against injury that either of the magnesium
compound of the substance P receptor antagonist used alone.

The method of the invention includes the step of adminis-
tering the formulation to a patient suffering from brain injury.
Alternatively, each of the components of the formulation are
administered separately or separated by a time delay that does
not affect the effectiveness of the therapy, e.g. 1-30 minutes
and up to 24 hours as discussed above.

Substance P is an excitatory neurotransmitter and has arole
in pain transmission and is a peptide having the structure
RPKPEEFFGLM-NH,. It is from the hypothalamus, CSN
and intestine and increases smooth muscle contraction of the
Gl tract.

It is known that substance P binds to a number of receptors
inclusive of the NK1 receptor (i.e. Neurokinin 1 receptor), the
NK2 receptor and the NK3 receptor. These receptors are
believed to have a role in blood traveling to the brain.

Therefore, a substance P antagonist is a substance that
inhibits binding of substance P to any one of the receptors
referred to above. A list of suitable substance P antagonists is
referred to in Tables 1, 2, and 3 attached herewith.

Reference may also be made to NK1 receptor antagonists
asdescribedin U.S. Pat. No. 5,990,125, which is incorporated
herein by reference, as constituting substance P antagonists
that may be utilized in the formulation of the method of the
invention. This has specific reference to compounds of struc-
tures Ia, Ib, Ic, Id, Ie, X, XVI, XVII, XVIII, XIX, XX, and
XXI, as well as other antagonists comprising quinuclidine,
piperidine ethylene diamine, pyrrolidine and azabornane
derivatives and related compounds that exhibit activity as
substance P receptor antagonists as described in column 33 of
U.S. Pat. No. 5,990,125.

Such receptor antagonists may be employed having regard
to the dosages referred to in column 34 of U.S. Pat. No.
4,990,125 and in various forms of administration i.e. alone or
with various pharmaceutically acceptable carriers or diluents
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by oral administration of parenteral administration as referred
in column 34 of U.S. Pat. No. 5,990,125.

The activity of various substances as substance P receptor
antagonists for use in the invention may also be determined by
the assays referred to in columns 35-36 of U.S. Pat. No.
5,990,125.

Reference also may be made to substance P receptor
antagonists described in U.S. Pat. No. 5,977,104, including
the various dosage forms and dosages referred to in this
reference which is also totally incorporated by reference.

Reference also is made to U.S. Pat. No. 4,481,139 that
describes various peptide antagonists, which is also totally
incorporated herein by reference.

Reference also is made to U.S. Pat. No. 4,985,896 which
refers to various piperidine and morpholine derivatives for
use as substance P antagonists for use in the present invention
or piperazine derivatives as described in U.S. Pat. No. 5,981,
520. Each of these references is totally incorporated herein by
reference.

Reference also is made to piperidinyl compounds as NK1
and NK2 antagonists for use in the invention referred to in
U.S. Pat. No. 5,998,444 which is also totally incorporated
herein by reference.

It will also be appreciated that tachykinin antagonists
referred to in U.S. Pat. No. 4,981,744 may also be used as
substance P antagonists in the invention, and thus this refer-
ence is also totally incorporated herein.

Reference is also made to EP-A-1035115 which is totally
incorporated herein by reference, which refers to N-benzyl-
4-tolylnicotinamides and related compounds as NK1 receptor
antagonists for use in the invention.

EP-A-1035115 discloses compounds of the general for-
mula

®Y),
\\
| ®2),
X x
7 | X,
. R R}
R* N

wherein

R is hydrogen, lower alkyl, lower alkoxy, halogen or trifluo-
romethyl;

R! is hydrogen or halogen;

R and R! may be together —CH—CH—CH—CH—;
R?and R* are independently from each other hydrogen, halo-
gen, trifluoromethyl, lower alkoxy or cyano; or

R? and R* may be together —CH—CH—CH—CH—,
optionally substituted by one or two substituents selected
from lower alkyl or lower alkoxy;

R? is hydrogen, lower alkyl or form a cycloalkyl group;

R* is hydrogen, —N(R®),, —N(R*)(CH,),(OH), —N(R>)S
(0),-lower alkyl, —N(R*)S(O),-phenyl, —N—CH—N
(R?),, —N(R*YC(O)R? or a cyclic tertiary amine of the group
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(CHy), —NR)—;
~

N N
R® or the group R®

R’ is, independently form each other, hydrogen, C, 4-cy-
cloalkyl, benzyl or lower alkyl;

R® is hydrogen, hydroxy, lower alkyl, —(CH,),,COO-lower
alkyl, —N(R*)CO-lower alkyl, hydroxy-lower alkyl, cyano,
—(CH,),,0(CH,),,OH, —CHO or a 5- or 6 membered het-
erocyclic group, optionally bonded via an alkylene group,

X is —C(ONR’)— —(CH,),0—; —(CH,),NR*)—
—N(R*)C(0)—; or —N(R®)(CH,),—; and

nis 0-4; and

mis 1 or2;

and pharmaceutically acceptable acid addition salts thereof.
Exemplified compounds in EP-A-1035115 having a mor-
pholine or piperazine group include
N-(3,5-Bis-trifluoromethyl-benzyl)-N-methyl-6-(4-methyl-
piperazin-1-yl)-4-o-tolyl-nicotinamide,
2'-Methyl-5-(4-methyl-piperazin-1-yl)-biphenyl-2-carboxy-
lic acid-(3,5-bis-trifluoromethyl-benzyl)-methyl-amide,
N-(3,5-Bis-trifluoromethyl-benzyl)-N-methyl-6-(4-methyl-
piperazin-1-yl)-4-naphthalen-1-yl-nicotinamide,
(4-{5-[(3,5-Bis-trifluoromethyl-benzyl)-methyl-carbam-
oyl]-4-o-tolyl-pyridin-2-yl}-piperazin-1-yl)-acetic ~ acid
ethyl ester,
N-(3,5-Bis-trifluoromethyl-benzyl)-N-methyl-6-(4-propyl-
piperazin-1-yl)-4-O-tolyl-nicotinamide,
N-(3,5-Bis-trifluoromethyl-benzyl)-N-methyl-6-[ methyl-(2-
morpholin-4-yl-ethyl)-amino]-4-o-tolyl-nicotinamide,
N-(3,5-Bis-trifluoromethyl-benzyl)-N-methyl-6-morpholin-
4-yl-4-o-tolyl-nicotinamide,
N-(3,5-Bis-trifluoromethyl-benzyl)-N-methyl-6-piperazin-
1-yl-4-o-tolyl-nicotinamide,
N-(3,5-Bis-trifluoromethyl-benzyl)-6-[4-(2-hydroxy-ethyl)-
piperazin-1-yl]-N-methyl-4-o-tolyl-nicotinamide,
N-(3,5-Bis-trifluoromethyl-benzyl)-6-(4-cyanomethyl-pip-
erazin-1-yl)-N-methyl-4-o-tolyl-nicotinamide,
N-(3,5-Bis-trifluoromethyl-benzyl)-6-{4-[ 2-(2-hydroxy-
ethoxy)-ethyl]-piperazin-1-yl}-N-methyl-4-o-tolyl-nico-
tinamide,
N-(3,5-Bis-trifluoromethyl-benzyl)-N-methyl-6-(4-[1,2,4]
oxadiazol-3-ylmethyl-piperazin-1-yl)-4-o-tolyl-nicotina-
mide,
N-(3,5-Bis-trifluoromethyl-benzyl)-N-methyl-6-[4-(5-0x0-
4,5-dihydro-1H-[1,2,4]triazol-3-ylmethyl)-piperazin-1-
yl]-4-o-tolyl-nicotinamide,
N-(3,5-Bis-trifluoromethyl-benzyl)-6-(4-formyl-piperazin-
1-y1)-N-methyl-4-o-tolyl-nicotinamide,
N-Methyl-N-(2-methyl-naphthalen-1-ylmethyl)-6-morpho-
lin-4-yl-4-o-tolyl-nicotinamide,
2-(3,5-Bis-trifluoromethyl-phenyl)-N-methyl-N-[ 6-(4-me-
thyl-piperazin-1-yl)-4-o-tolyl-pyridin-3-yl]-isobutyra-
mide,
2-(3,5-Bis-trifluoromethyl-phenyl)-N-[4-(2-chloro-phenyl)-
6-(4-methyl-piperazin-1-yl)-pyridin-3-yl]-N-methyl-
isobutyramide,
2-(3,5-Bis-trifluoromethyl-phenyl)-N-[4-(4-fluoro-2-me-
thyl-phenyl)-6-(4-methyl-piperazin-1-yl)-pyridin-3-yl]-
N-methyl-isobutyramide,
2-(3,5-Bis-trifluoromethyl-phenyl)-N-methyl-N-(6-mor-
pholin-4-yl-4-o-tolyl-pyridin-3-yl)-isobutyramide,
2-(3,5-Bis-trifluoromethyl-phenyl)-N-[4-(2-chloro-phenyl)-
6-morpholin-4-yl-pyridin-3-y1]-N-methyl-isobutyramide,
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2-(3,5-Bis-trifluoromethyl-phenyl)-N-methyl-N-{6-[me-
thyl-(2-morpholin-4-yl-ethyl)-amino]-4-o-tolyl-pyridin-
3-yl}-isobutyramide,
2-(3,5-Bis-trifluoromethyl-phenyl)-N-methyl-N-[ 6-(4-pyri-
midin-2-yl-piperazin-1-yl)-4-o-tolyl-pyridin-3-yl]-isobu-
tyramide,
2-(3,5-Bis-trifluoromethyl-phenyl)-N-(6-morpholin-4-yl-4-
o-tolyl-pyridin-3-yl)-isobutyramide,
2-(3,5-Bis-trifluoromethyl-phenyl)-N-methyl-N-(6-piper-
azin-1-yl-4-o-tolyl-pyridin-3-yl)-isobutyramide,
2-(3,5-Bis-trifluoromethyl-phenyl)-N-methyl-N-(6-mor-
pholin-4-yl-4-o-tolyl-pyridin-3-yl)-acetamide and
[2-(3,5-Bis-trifluoromethyl-phenyl)-2-methyl-propyl]-[4-

(4-fluoro-2-methyl-phenyl)-6-(4-methyl-piperazin-1-y1)-

pyridin-3-yl]-methyl-amine.

Reference is also made to International Publication WO
0050398 which is totally incorporated herein by reference,
which refers to various phenyl and pyridinyl derivatives as
NK1 receptor antagonists for use in the invention.

WO 0050398 discloses compounds of general formula

(RN,
| YA
F
K R2),
Y = |
s X N
R4/\ | R} R3
Z
wherein
R is hydrogen, lower alkyl, lower alkoxy, halogen or trifluo-
romethyl;

R! is hydrogen or halogen; or

R and R! may be together —CH—CH—CH—CH—;

R? is hydrogen, halogen, trifluoromethyl, lower alkoxy or
cyano;

R? is independently from each other hydrogen, lower alkyl or
form a cycloalkyl group;

R* is hydrogen, halogen, lower alkyl, lower alkoxy, —N
(R%),, —N(R>)S(0),-lower alkyl, —N(R>C(O)R> or a
cyclic tertiary amine of the group

N
RS

R’ is, independently from each other, hydrogen, C, 4-cy-
cloalkyl, benzyl or lower alkyl;

R® is hydrogen, hydroxy, lower alkyl, —N(R*)CO-lower
alkyl, hydroxy-lower alkyl, cyano, —CHO or a 5- or 6 mem-
bered heterocyclic group, optionally bonded via an alkylene
group,

X is —C(ON(R’)—, —(CH,),,0—, —(CH,), N(R*)—,
—NR>)C(O)—, —C(0)O— or —NR*)(CH,),—;

Y is —(CH,),—, —0—, —S—, —SO,—, —C(O)— or
—NR®)—

Z is —=N—, —CH—or —C(Cl)—;

n is 0-4; and

mis 1 or2;
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6

and pharmaceutically acceptable acid addition salts thereof.

Exemplified compounds in WO 0050398 having a mor-
pholine or piperazine group include
N-[2-Benzoyl-4-(4-methyl-piperazin-1-yl)-phenyl]-2-(3,5-

bis-trifluoromethyl-phenyl)isobutyramide,
4-Benzoyl-N-(3,5-bis-trifluoromethyl-benzyl)-N-methyl-6-

(4-methyl-piperazin-1-yl)-nicotinamide,
N-(3,5-Bis-trifluoromethyl-benzyl)-4-(2-chloro-benzoyl)-

N-methyl-6-(4-methyl-piperazin-1-yl)nicotinamide,
N-(3,5-Bis-trifluoromethyl-benzyl)-N-methyl-6-morpholin-

4-yl-4-phenoxy-nicotinamide,
N-(3,5-Bis-trifluoromethyl-benzyl)-4-(2-chloro-phenoxy)-

N-methyl-6-morpholin-4-yl-nicotinamide,
N-(3,5-Bis-trifluoromethyl-benzyl)-4-(2-chloro-phenoxy)-

N-methyl-6-(4-methyl-piperazin-1-yl)-nicotinamide and
N-(3,5-Bis-trifluoromethyl-benzyl)-N-methyl-6-morpholin-

4-yl-4-o-tolyloxy-nicotinamide.

Reference is also made to International Publications WO
0050401, WO 0053572, WO 0073278 and WO 0073279,
which refer to 3-phenyl pyridines, biphenyl derivatives,
5-phenyl-pyrimidine derivatives and 4-phenyl pyrimidine
derivatives respectively which specifications are also totally
incorporated herein by reference. These specifications refer
to NK1 receptor antagonists for use in the present invention.

WO 0050401 discloses compounds of formula

®RY,
| A
P
K R,
¥ Z |
X
F AN
RET 3 %3
o RP R
R4
wherein
R is hydrogen, lower alkyl, lower alkoxy, halogen or trifluo-
romethyl;

R! is hydrogen or halogen; or

R and R! may be together —CH—CH—CH—CH—;

R? is hydrogen, halogen, trifluoromethyl, lower alkoxy or
cyano;

R? is hydrogen, lower alkyl or form a cycloalkyl group;

R* is hydrogen, —N(R®),, —N(R>)S(O),-lower alkyl,
—N(R*)C(O)R? or a cyclic tertiary amine of the group

N
RS

R’ is, independently from each other, hydrogen, C, 4-cy-
cloalkyl, benzyl or lower alkyl;

R® is hydrogen, hydroxy, lower alkyl, —N(R’)CO-lower
alkyl, hydroxy-lower alkyl, cyano, —CHO or a 5- or 6 mem-
bered heterocyclic group, optionally bonded via an alkylene
group,

X is —C(ON(R®)—, —(CH,),,0—, —(CH,), N(R*)—,
—NR>)C(O)— or —N(R*)(CH,),,—;
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n is 0-4; and wherein
mis 1 or2; R! is hydrogen or halogen;
and pharmaceutically acceptable acid addition salts thereof. R? is hydrogen, halogen, lower alkyl or lower alkoxy;
Exemplified compounds in WO 0050401 having a morpho- R? is halogen, triftuoromethyl, lower alkoxy or lower alkyl;
line or piperazine group include 5 R*R* are independently from each other hydrogen or lower
N-(3,5-Bis-trifluoromethyl-benzyl)-5-(2-methoxy-phenyl)- alkyl;
N-methyl-2-(4-methyl-piperazin-1-yl)-isonicotinamide, R’ is lower alkyl, lower alkoxy, amino, hydroxy, hydroxy-
N-(3.5-Bis-trifluoromethyl-benzyl)-N-methyl-2-(4-methyl- lower alkyl, —(CH.,), -piperazinyl, optionally substituted by
piperazin-1-yl)-5-phenyl-isonicotinamide, and lower alkyl, —(CH,),-morpholinyl, —(CH.,),,, , -imidazolyl,

N-(3,5-Dichloro-benzy1)-5-(2-methoxy-phenyl)-N-methyl-  1° o (cp1,) . -morpholinyl, —O-(CH,),,,-piperidinyl,
2-(4-methyl-piperazin-1-yl)-isonicotinamide. lower alkyl-sulfanyl, lower alkyl-sulfonyl, benzylamino,

WO 0053572 discloses compounds of formula —I\IH—(CHz)n_‘_lN(R‘t”)z?” —(CHz)n—NH—(CHz),H”lN
R* )23 *4gC.H2)n+1N(R4 )os of —O—(CH,),,,NR*),,
® Lo w?f:reln R* is .hydrogen or lower alkyl;
N " R" is hydrogen; .
= R? and R® or R* and R® may be together with the two carbon
| - ring atoms —CH—CH—CH—CH—, with the proviso thatn
R ®) fo.r Rl is 1
. ” 20 nis 1ndependentl¥ 0-2; and )
Y | X is —C(O)NR*")— or —NR*"C(0)—;
X \ or pharmaceutically acceptable acid addition salts thereof.
Exemplified compounds in WO 0073278 having a mor-
B R pholine or piperazine group include
R* 25 5-(2-chloro-phenyl)-2-(4-methyl-piperazin-1-yl)-pyrimi-
dine-4-carboxylic acid (3,5-bis-trifluoromethyl-benzyl)-
R® methyl-amide,
5-(4-fluoro-2-methyl-phenyl)-2-(4-methyl-piperazin-1-yl)-
wherein pyrimidine-4-carboxylic acid (3,5-bis-trifluoromethyl-
R is hydrogen, lower alkyl, lower alkoxy, halogen, amino, 30 benzyl)-methyl-amide,
—N(R®), or trifluoromethyl; 5-(2-chloro-phenyl)-2-(4-methyl-piperazin-1-ylmethyl)-py-
R! is hydrogen, lower alkoxy or halogen; rimidine-4-carboxylic acid (3,5-bis-trifluoromethyl-ben-
R and R! may be together —CH—CH—CH—CH—; zyl)-methyl-amide,
R? is halogen, lower alkyl or trifluoromethyl; 5-(2-chloro-phenyl)-2-(2-morpholin-4-yl-ethoxy)-pyrimi-
R? is hydrogen or lower alkyl; = dine-4-carboxylic acid (3,5-bis-trifluoromethyl-benzyl)-
R* is hydrogen or a cyclic tertiary amine, optionally substi- methyl-amide,
tuted by lower alkyl; 2-(3,5-bis-trifluoromethyl-phenyl)-N-methyl-N-[ 2-(4-me-
R? is hydrogen, nitro, amino or —N(R%).; thyl-piperazin-1-yl)-5-o-tolyl-pyrimidin-4-yl]-isobutyra-
R® is hydrogen or lower alkyl; mide,
X is —C(O)NR®)—, —(CH,),0—, —(CH,),NR®—, * 2-(3,5-bis-trifluoromethyl-phenyl)-N-methyl-N-(2-piper-
—NR®C(O)— or —N(R%)(CH,),—; and azin-1-yl-5-o-tolyl-pyrimidin-4-yl)-isobutyramide,
nis 1 or2; 2-(3,5-bis-trifluoromethyl-phenyl)-N-methyl-N-(2-morpho-
and pharmaceutically acceptable acid addition salts thereof. lin-4-yl-5-o-tolyl-pyrimidin-4-yl)-isobutyramide, and

Exemplified compounds in WO 0053572 having a mor- 2-(3,5-bis-trifluoromethyl-phenyl)-N-[5-(2-chloro-phenyl)-
pholine or piperazine group include = 2-(4-methyl-piperazin-1-yl)-pyrimidin-4-y1]-N-methyl-

2'-methyl-5-(4-methyl-piperazin-1-yl)-biphenyl-2-carboxy- isobutyramide.
lic  acid-(3,5-bis-trifluoromethyl-benzyl)-methyl-amide WO 0073279 discloses compounds of formula
and

2'-chloro-5-(4-methyl-piperazin-1-yl)-biphenyl-2-carboxy-
lic acid~(3,5-bis-trifluoromethyl-benzyl)-methyl-amide.
WO 0073278 discloses compounds of formula

1
RS (Rl)n 33 / / |
A
x
| (R,
22 A A R4
N x N | 60
| 1\, wherein
N N R R R! is hydrogen or halogen;
Y R? is hydrogen, halogen, lower alkyl or lower alkoxy;
RS 65 R! and R* may be together with the two carbon ring atoms

R? is halogen, triftuoromethyl, lower alkyl or lower alkoxy;
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R*R* are independently from each other hydrogen or lower
alkyl;
R’ is lower alkyl, lower alkoxy, amino, phenyl, hydroxy-
lower alkyl, cyano-lower alkyl, carbamoyl-lower alkyl,
pyridyl, pyrimidyl, —(CH,), -piperazinyl, Ih is optionally
substituted by one or two lower alkyl groups or by hydroxy-
lower alkyl, —(CH,),,-morpholinyl, —(CH,),,-piperidinyl,
—(CH,),,,,-imidazolyl, lower alkyl-sulfanyl, lower
alkyl-sulfonyl, benzylamino, —NH—(CH,),, ,N(R*).,
—(CH,),,..N(R*"),, —O—(CH,),,,-morpholinyl, —O—
(CH,),,,,-piperidinyl or —O—(CH,),,,,N(R*"),, wherein
R*"is hydrogen or lower alkyl; and
nis 0-2;
X is —C(O)N(R*"}— or —N(R*")C(O)—
and pharmaceutically acceptable acid addition salts thereof.
Exemplified compounds in WO 0073279 having a mor-
pholine or piperazine group include
4-(2-bromo-phenyl)-2-(4-methyl-piperazin-1-yl)-pyrimi-
dine-5-carboxylic acid (3,5-bis-trifluoromethyl-benzyl)-
methyl-amide,
(3R,58)-4-(2-bromo-phenyl)-2-(3,5-dimethyl-piperazin-1-
yD)-pyrimidine-5-carboxylic acid (3,5-bis-trifluorom-
ethyl-benzyl)-methyl-amide,
4-(2-bromo-phenyl)-2-piperazin-1-yl-pyrimidine-5-car-
boxylic acid (3,5-bis-trifluoromethyl-benzyl)-methyl-
amide,
4-(2-chloro-phenyl)-2-(4-methyl-piperazin-1-yl)-pyrimi-
dine-5-carboxylic acid (3,5-bis-trifluoromethyl-benzyl)-
methyl-amide,
(3R,58)-4-(2-chloro-phenyl)-2-(3,5-dimethyl-piperazin-1-
yD)-pyrimidine-5-carboxylic acid (3,5-bis-trifluorom-
ethyl-benzyl)-methyl-amide,
4-(2-chloro-phenyl)-2-piperazin-1-yl-pyrimidine-5-car-
boxylic acid (3,5-bis-trifluoromethyl-benzyl)-methyl-
amide,
2-(4-methyl-piperazin-1-yl)-4-o-tolyl-pyrimidine-5-car-
boxylic acid (3,5-bis-trifluoromethyl-benzyl)-methyl-
amide,
(3R,58)-2-(3,5-dimethyl-piperazin-1-yl)-4-o-tolyl-pyrimi-
dine-5-carboxylic acid (3,5-bis-trifluoromethyl-benzyl)-
methyl-amide,
2-piperazin-1-yl-4-o-tolyl-pyrimidine-5-carboxylic
(3,5-bis-trifluoromethyl-benzyl)-methyl-amide,
4-(2-methoxy-phenyl)-2-(4-methyl-piperazin-1-yl)-pyrimi-
dine-5-carboxylic acid (3,5-bis-trifluoromethyl-benzyl)-
methyl-amide,
(3R,58)-2-(3,5-dimethyl-piperazin-1-yl)-4-(2-methoxy-
phenyl)-pyrimidine-5-carboxylic acid (3,5-bis-trifluorom-
ethyl-benzyl)-methyl-amide,
4-(2-methoxy-phenyl)-2-piperazin-1-yl-pyrimidine-5-car-
boxylic acid (3,5-bis-trifluoromethyl-benzyl)-methyl-
amide,
4-(4-fluoro-phenyl)-2-(4-methyl-piperazin-1-yl)-pyrimi-
dine-5-carboxylic acid (3,5-bis-trifluoromethyl-benzyl)-
methyl-amide,
4-(2-fluoro-phenyl)-2-(4-methyl-piperazin-1-yl)-pyrimi-
dine-5-carboxylic acid (3,5-bis-trifluoromethyl-benzyl)-
methyl-amide,
(3R,58)-2-(3,5-dimethyl-piperazin-1-yl)-4-(2-fluoro-phe-
nyl)-pyrimidine-5-carboxylic acid (3,5-bis-trifluorom-
ethyl-benzyl)-methyl-amide,
4-(4-fluor-phenyl)-2-piperazin-1-yl-pyrimidine-5-carboxy-
lic acid (3,5-bis-trifluoromethyl-benzyl)-methyl-amide,
4-(4-fluoro-2-methyl-phenyl)-2-(4-methyl-piperazin-1-yl)-
pyrimidine-5-carboxylic acid (3,5-bis-trifluoromethyl-
benzyl)-methyl-amide,
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10
(3R,58)-2-(3,5-dimethyl-piperazin-1-yl)-4-(4-fluoro-2-me-
thyl-phenyl)-pyrimidine-5-carboxylic acid (3,5-bis-trif-
luoromethyl-benzyl)-methyl-amide,
4-(4-fluor-2-methyl-phenyl)-2-piperazin-1-yl-pyrimidine-5-
carboxylic acid (3,5-bis-trifluoromethyl-benzyl)-methyl-
amide,
2-(4-methyl-piperazin-1-yl)-4-naphthalen-1-yl-pyrimidine-

S-carboxylic acid (3,5-bis-trifluoromethyl-benzyl)-me-

thyl-amide,
(3R,58)-2-(3,5-dimethyl-piperazin-1-yl)-4-naphthalen-1-yl-

pyrimidine-5-carboxylic acid (3,5-bis-trifluoromethyl-
benzyl)-methyl-amide,
4-naphthalen-1-yl-2-piperazin-1-yl-pyrimidine-5-carboxy-
lic acid (3,5-bis-trifluoromethyl-benzyl)-methyl-amide,
4-(2-bromo-phenyl)-2-morpholin-4-yl-pyrimidine-5-car-
boxylic acid (3,5-bis-trifluoromethyl-benzyl)-methyl-
amide,
4-(2-chloro-phenyl)-2-morpholin-4-yl-pyrimidine-5-car-
boxylic acid (3,5-bis-trifluoromethyl-benzyl)-methyl-
amide,
4-(2-chloro-phenyl)-2-(2-morpholin-4-yl-ethoxy)-pyrimi-
dine-5-carboxylic acid (3,5-bis-trifluoromethyl-benzyl)-
methyl-amide,
2-morpholin-4-yl-4-o-tolyl-pyrimidine-5-carboxylic

(3,5-bis-trifluoromethyl-benzyl)-methyl-amide,
4-(2-methoxy-phenyl)-2-morpholin-4-yl-pyrimidine-5-car-

boxylic acid (3,5-bis-trifluoromethyl-benzyl)-methyl-

amide,
4-(4-fluoro-2-methyl-phenyl)-2-morpholin-4-yl-pyrimi-
dine-5-carboxylic acid (3,5-bis-trifluoromethyl-benzyl)-
methyl-amide,
2-morpholin-4-yl-4-naphthalen-1-yl-pyrimidine-5-carboxy-
lic acid (3,5-bis-trifluoromethyl-benzyl)-methyl-amide,
2-(3,5-bis-trifluoromethyl-phenyl)-N-methyl-N-[ 2-(4-me-
thyl-piperazin-1-yl)-4-o-tolyl-pyrimidin-5-yl]-isobutyra-
mide and
2-(3,5-bis-trifluoromethyl-phenyl)-N-methyl-N-(2-morpho-
lin-4-yl-4-o-tolyl-pyrimidin-5-yl)-isobutyramide.

Reference also may be made to the reference the 1998
Sigma Catalogue and more particularly to pages 1194-1997
which describe modifications of substance P or substance P
fragments, which may be used as substance P antagonists, for
use in the invention. This publication is also totally incorpo-
rated herein by reference.

In relation to the magnesium compound, this may com-
prises any suitable source of magnesium ion such as magne-
sium chloride, magnesium sulphate, magnesium oxalate,
magnesium gluconate or other non toxic magnesium salt.

The pharmaceutical preparations in accordance with this
invention can in addition also contain preservatives, solubi-
lizers, stabilizers, wetting agents, emulsifiers, sweeteners,
colorants, flavorants, salts for varying the osmotic pressure,
buffers, masking agents or antioxidants. They can also con-
tain still other therapeutically valuable substances. Thus the
term “comprising” used in the specification should be inter-
preted in this context. The dosage can vary within wide limits
and can, of course, be fitted to the individual requirements in
each particular case. In general, a dosage of 1 to 20000 mg per
patient, preferable 10 to 5000 mg and more preferably 50 to
2000 mg of the substance P receptor antagonist should be
appropriate.

In relation to the development of the inventive concept, it
was established by the present inventors that one reasons for
acute water accumulation in the brain after injury was the
result of vasogenic oedema formation. This is caused by an
increased permeability of the blood brain barrier thus permit-
ting vascular proteins and water to enter the extracellular

acid
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space in the brain and cause swelling. Few studies have exam-
ined how this increased blood brain barrier permeability con-
tributes to the development of neurological deficits after
injury, and no studies have investigated whether inhibition of
brain swelling improves outcome. Studies of migraine'*
have suggested that the vasculature of the dura matter (outer
meningeal lawyer) becomes more permeable to vascular
components as a result of substance P release. We therefore
hypothesized that substance P may have a similar effect on the
cerebral vasculature, where such an effect could lead to
increased blood brain barrier permeability and vasogenic
cerebral oedema. We further hypothesized that administra-
tion of a substance P receptor antagonist may prevent brain
swelling and the development of delayed neurologic deficits
after injury. This hypothesis was a result of our discovery
referred to above, that water accumulated in the brain as a
result of vasogenic oedema formation.

This, in another aspect of the invention there is provided
the use of'a substance P receptor antagonist for reducing brain
barrier permeability and/or vasogenic cerebral oedema.

EXPERIMENTAL

A number of commercially synthesized substance P recep-
tor antagonists are currently available from standard scientific
chemical suppliers, as is apparent form Tables 1, 2, and 3. We
chose to use the compound N-acetyl-L-tryptophan based on
its low lipid solubility that limits its ability to naturally cross
the blood brain barrier and the fact that it is relatively inex-
pensive. Administration of N-acetyl-L-tryptophan at an intra-
venous dose of 246 mg/kg (saline vehicle) given at 30 minutes
after brain injury resulted in a significant improvement of
cognitive outcome in brain injured animals as assessed by the
Barnes Circular Maze. Similarly, there was a significant
improvement in motor outcome of animals as assessed by the
otarod test. These improvements in outcome were apparent at
24 hours after brain injury and persisted for the 14 day assess-
ment period. Control (vehicle tested) animals had signifi-
cantly worse neurologic outcome than treated animals at all
time points tested.

Animals treated with N-acetyl-L-tryptophan had a signifi-
cant reduction in brain water accumulation (i.e. cerebral
oedema) at 24 hours after injury as compared to vehicle
treated controls. This was consistent with the observation that
N-acetyl-L-tryptophan reduced brain penetration of Evans
blue at 5 hours after injury: the time associated with maxi-
mum blood brain barrier permeability and reduced vasogenic
oedema formation. The fact that these effects were noted with
anon-permeable formulation of the NK1 antagonist suggests
that the effects were largely mediated by vascular receptors
and not dependent upon central receptors.

Administration of N-acetyl-L-tryptophan at 24.6 mg/kg
also significantly improved cognitive outcome of brain
injured animals. However, the drug had less of a beneficial
effect on motor outcome. Moreover, because there was also
some residual cognitive and motor deficits noted in all treated
animals, the beneficial effects of treatment with the NK1
antagonist were less apparent when injury of mild severity
was induced as opposed to injury of a severe nature. This is a
major limitation given that mild head injury has the greatest
incidence in brain injury patients.

Combination Magnesium and N-acetyl-L-tryptophan

The most common form of brain injury is mild head injury.
Guidelines to be introduced next year (2000) by the World
Federation of Neurological Surgeons will recommend that all
cases of minor head injury with any complications such as
vomiting, nausea, loss of consciousness or amnesia MUST
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present to a hospital. This will place considerable pressure on
the health system to adequately treat these individuals such
that secondary injury does not develop any further. Currently,
there is no such therapy.

Our results with N-acetyl-L-tryptophan suggest that this
compound closes the blood brain barrier after head injury and
reduces brain swelling or cerebral oedema. This is extremely
important in young victims of head injury who are particu-
larly vulnerable to delayed brain swelling. Furthermore, our
results with magnesium therapy suggest that magnesium
treatment is effective at reducing neurologic deficits not nec-
essarily associated with increased blood brain permeability.
We therefore propose that a combination of a substance P
antagonist with a magnesium compound or salt will be a
particularly effective therapy for the treatment of brain injury
irrespective of severity.

Combination administration of 246 mg/kg N-acetyl-L-
tryptophan plus 30 mg/kg magnesium sulphate (intrave-
nously) resulted in a profound attenuation of both motor and
cognitive deficits that was significantly greater than obtained
with either drug in isolation. (FIG. 1 and FIG. 2).

Each of the compounds in the combination formulation has
a number of properties that make it particularly attractive for
use in brain injury.

Substance P (SP) antagonists have been shown to rapidly
improve mood by antagonizing substance P induced anxiety.
Thus, they are effective in treating post-injury depression.
From the word described above, it is apparent that SP antago-
nists reduce blood brain barrier permeability and inhibit the
formation of vasogenic oedema and post-injury brain swell-
ing or cerebral oedema. The antagonists also have been
shown to inhibit pain. There are high numbers of substance P
receptors in the hippocampus and striatum, those parts of the
brain that are known to be associated with learning and
memory. Inhibition of binding with SP antagonists may thus
prevent substance P induced deficits in learning and memory.
Our evidence presented above suggests that this may be the
case. This has never been shown previously. Indeed, there has
been no literature on the role of substance P, or any neuropep-
tides, in brain injury.

Magnesium affects over 300 cellular enzymes. It is not
surprising; therefore, that magnesium has numerous targets at
which it may improve outcome. These include, amongst oth-
ers, blocking glutamate induced excitotoxicity, improving
membrane stability and reducing the production of reactive
oxygen species, improving energy status, inhibiting calcium
channels, reducing neurotransmitter release, inhibiting mito-
chondrial transition pore opening, and inhibiting apoptosis.
Notably, it also blocks glutamate induced release of substance
P. Physiologically, magnesium has been shown (14-17) to
improve cerebral blood flow, to reduce cerebral vasospasms,
and to reduce vascular ceramide and prostaglandin produc-
tion.

The combined use of magnesium and the substance P
antagonist results in greater protection against neural injury
than either drug used alone.

We have previously shown that magnesium has a beneficial
effect in trauma when administered at intravenous doses
ranging from 16 to 60 mg/kg. When administered as an intra-
muscular injection, the effective dose varies from 45 to 90
mg/kg. The target is to increase free magnesium concentra-
tion in the blood to approximately 1.0 mM, which is double
the normal blood free magnesium concentration. Beneficial
results are observed irrespective of the magnesium salt used.

Our studies with the substance P antagonist have demon-
strated that the effective i.v. dose varies from 24.6 mg/kg to
240.6 mg/kg or higher, with the higher doses having a greater
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beneficial effect on motor outcome. Moreover, these doses
pertain to antagonists that have low lipid solubility and thus
limited blood brain barrier permeability. A highly lipid
soluble formulation should exact the same beneficial actions;
however, there may be centrally mediated side-effects that
may be inappropriate.

When used in combination, the formulation may vary in
the range described for the individual components. We have
achieved excellent results using the maximum i.v. doses
described for the individual components.

The combination magnesium/SP antagonist is expected to
be useful in the following conditions:

As a“first-aid” prophylactic treatment following traumatic
brain injury

As a “first aid” prophylactic treatment following minor
head injuries, including concussion

As a therapy following non-traumatic brain injuries,
including stroke, hypoxia and any form of brain injury where
oedema is implicated

As a maintenance therapy following brain injury
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TABLE 1

NK1 RECEPTOR ANTAGONISTS

Chemical Code Chemical Name

CGP49823
CP-96,345
CP-99,994
CP-122,721
FK 888
naphthyl)-alaninamide
GR203040
GR-205171
GR 82334
GR 94800
HSP-117
(28-cis)-
L 703,606
1.732,138
L 733,060
L 742,694
L 754,030

N-acetyl-L-tryptophan

yDmethylmorpholine
L 668,169

(2R 4S)-2-benzyl-1-(3,5-dimethylbenzoyl)-N-[(4-quinolinyl)methyl]-4-piperineamine) dihydrochloride
(28,38)-cis-(2(diphenylmethyl)-N-[(2-methoxyphenyl )methyl]-1-azabicyclo[2.2.2]octan-3-amine
((28,38)-cis-3-(2-methoxybenzylamino)-2-phenyl-piperidine)dihydrochloride
(+)-(28,3S)-3-(2-methoxy-5-trifluoromethoxybenzyl)amino-2-phenylpiperidine
N2-[(4R)-4-hydroxy-1-(1-methyl-1H-indol-3-yl)carbonyl-L-propy\-N-methyl-N-phenylmethyl-L-3-(2-

(28,38 and 2R,3R)-2-methoxy-5-tetrazol-1-yl-benzyl-(2-phenyl-piperidin-3-yl)amine
3-Piperidinamine,N-[[2-methoxy-5-[5-(trifluoromethyl)- 1H-tetrazol-1-yl]phenyl]methyl]-2-phenyl-, (2S-cis)
[D-Pro9]spiro-gamma-lactam]Leul0, Trpl]physalaemin-(1-11)
PhCO-Ala-Ala-DTrp-Phe-DPro-Pro-Nle-NH2

3-Piperidinamine,N-[[2,3-dihydro-5-(1-methylethyl)- 7-benzofuranyl Jmethyl] 2-phenyl-, dihydrochloride,

1-Azabicyclo[2.2]octan-3-amine,2-(diphenylmethyl)-N-[(2-idophenyl)methyl]-, (2S-cis)-, oxalate
((28,9)-3((3,5-bis(trifluoromethyl)phenyl)methyloxy)-2-phenyl piperidine
(2-(8)-(3,5-bis(trifluoromethyl)benzyloxy)-3-(s)-phenyl-4-(5-(3-0x0-1,2,4-triazolo)methylmorpholine

2-(R)-(1-(R)-3,5-bis(trifluoromethyl)phenylethoxy)-3-(S)-(4-fluoro)phenyl-4-(3-oxo-1,2,4-triazol-5-

L-Phenylalanine, N-[2-[3-[[N-[2-(3-amino-2-oxo-1-pyrrolidinyl)-4-methyl-1-oxopentyl]-L-methionyl-L-

glutaminyl-D-tryptophyl-N-methyl-L-phenylalanyl]amino]-2-oxo-1-pyrrolidinyl]-4-methyl-1-oxopentyl]-L-
methionyl-L-glutaminyl-D-tryptophyl-N-methyl-, cyclic (*~>1)-peptide, [3R-[1[S*[R*(S*)]],3R*]]-
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TABLE 1-continued

NK1 RECEPTOR ANTAGONISTS

Chemical Code Chemical Name
LY 303241 1-Piperazineacetamide, N-[2-[acetyl[2-methoxyphenyl]methyl]amino]-1-(1 H-indol-3-ylmethyl)(ethyl)-4-
phenyl-, (R)-
LY 303870 (R)-1-[N-(2-methoxybenzyl)acetylamino]-3-(1H-Indol-3-y1)-2-[N-(2-(4-(pi peridinyl)piperidin-1-
ylacetyl)amino]propane
LY 306740 1-Piperazineacetamide, N-[2'-acetyl[(2-methoxyphenyl)methyl]amino]-1-(1H-indol-3-ylmethyl)ethyl]-4-
cyclohexyl-, (R)-
MEN 11149 2-(2-naphthyl)-1-N-[(1R,2S)-2-N-[1(H)indol-3-ylcarbonyl]aminocyclohexanecarbonyl]-1-[N'-ethyl-N'- (4-
methylphenylacetyl)]diaminoethane
MK-869 3H-1,2,4-Triazol-3-one, 5-[[2-[1-[3,5-bis(trifluoromethyl)phenyl]ethoxy]-3-(4-fluoropheny!)-4-
morpholinyl]methyl]-1,2-dihydro-, [2R-[2a(R*), 3a]]-
PD 154075 (2-benzofuran)-CH,OCO]-(R)-alpha-MeTrp-(S)-NHCH(CH;)Ph
R-544 Ac-Thr-D-Trp(FOR)-PHe-N-MeBz!|
RP-67580 (3aR, &aR)-7,7-diphenyl-2[1-imino-2(2-methoxyphenyl)-ethyl+++perhydroisoindol-4-one hydrochloride
RPR 100893 (3a8, 48, 7a8)-7,7-diphenyl-4-(2-methoxyphenyl)-2-[(S)-2-(2-
methoxyphenyl)proprionyl]perhydroisoindol-4-ol
Spendide Tyr-D-Phe-Phe-D-His-Leu-Met-NH,
Spantide II D-NicLysl, 3-Pal3, D-Cl,Phe5, Asn6, D-Trp7.0, Nlel1-substance P
Spantide IIT L-Norleucinamide, N6-(3-pyridinylcarbonyl)-D-lysyl-L-prolyl-3-(3-pyridinyl)-L-alanyl-L-prolyl-3 4-dichloro-
D-phenylalanyl-L-asparaginyl-D-tryptophyl-L-phenylalanyl-3-(3-pyridinyl)-D-alanyl-L-leucyl-
SR140333 (S)-1-[2-[3-(3,4-dichlorophenyl)-1-(3-isopropoxyphenylacetyl)-piperidin-3-yl]ethyl]-4-phenyl-1-
azabicyclo[2.2.2]octane
WIN-41,708 (17beta-hydroxy-17alpha-ethynyl-5alpha-androxtano[3,2-b]pyrimido[1,2-a]benzimidazole
WIN-62,577 1H-Benzimidazo[2,1-b]cyclopenta[5,6]naphtha[1,2-g]quinazolin-1-ol,1-ethynyl-
2,3,3a,3b,4,5,15,15a,15b,16,17,17a-dodecahydro-15a,1 7a-dimethyl-, (1R, 3aS, 3bR, 15aR, 15bS, 17aS)-
TABLE 2 N-(3,5-Bis-trifluoromethyl-benzyl)-N-methyl-6-(4-me-
thyl-piperazin-1-yl)-4-o-tolyl-nicotinamide:
NK2 RECEPTOR ANTAGONISTS 30
Chemical Code Chemical Name
SR-48,968 (S)-N-methyl-N[4-(4-acetylamino-4-[phenylpiperidino]-
2-(3,4-dichlorophenyl)-butyl)benzamide
1.-659,877 Cyclo[Gln,Trp,Phe,Gly,Leu,Met] 1)
MEN 10627 Cyclo(Met-Asp-Trp-Phe-Dap-Leu)cyclo(2beta05beta) 35
SR 144190 (R)-3-(1-[2-(4-benzoyl-2-(3,4-difluorophenyl)-morpholin- CF;
2-yl)-ethyl]-4-phenylpiperidin-4-yl)-1-dimethylurea AN N ’
GR 94800 PhCO-Ala-Ala-D-Trp-Phe-D-Pro-Pro-Nle-NH, | |
Z
N N
TABLE 3 0 Q
N CF;
Me/
NK3 RECEPTOR ANTAGONISTS and
Chemical
Code Chemical Name ¥ N (3,5-Bis-trifluoromethyl-benzyl)-N-methyl-6-piper-
SR-142,801 (S)-(N)-(1-(3-(1-benzoyl-3-(3,4-dichlorophenyl)piperidin- azin-1-yl-4-o-tolyl-nicotinamide:
3-yl)propyl)-4-phenylpiperidin-4-yl)-N-methy! acetamide
R&20 3-indolylcarbonyl-Hyp-Phg-N(Me)-Bzl
R486 H-Asp-Ser-Phe-Trp-beta-Ala-Leu-Met-NH,
SB222200 (S)-(-)-N-(a-ethylbenzyl)-3-methyl-2-phenylquinoline-4-
carboximide 50
L 758,298 Phosphonic acid, [3-[[2-[1-[3,5-bis(trifluoromethyl)phenyl]
ethoxy]-3-(4-fluorophenyl)-4-morpholinyljmethyl]-2,5- o)
dihydro-5-ox0-1H-1,2 4-triazol-yl]-,[2R-[2a(R*), 3a]]-
NK-608 (2R,48)-N-[1-{3,5-bis(trifluoromethyl)-benzoyl }-2-(4- CF,
chloro-benzyl)-4-piperidinyl]-quinoline-4-carboxamide x N ’
55 | |
=
The invention claimed is: (\ N N
1. A method of treating a mechanical traumatic brain, spi- N\) OF
nal cord or nerve tissue injury comprising administering to a u” 3

patient in need of such treatment, a therapeutically effective 60
amount of a pharmaceutical preparation comprising a thera-

peutically effective amount of a substance P receptor antago-

nist selected from: £ % %

or a pharmaceutically acceptable salt thereof.

#* #*



